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Abstract 
Fixed links are bridges or tunnels that join areas previously separated by geographic barriers without a permanent connection. 
Fixed links can cause important travel time savings, which might be an incentive for population growth in the affected areas. 
Traditional population forecasts do not include potential changes caused by infrastructure investments, and this might cause 
misrepresentation of input to travel forecasts. The purpose of this paper is to address the question of whether the mismatches 
between the forecasts and real population numbers can be explained by the impacts of a new infrastructure.  
For this purpose, we observe ten fixed links on the western coast of Norway. Different linear regression models with several 
independent variables in different time periods are estimated for two situations; after the opening of the fixed links, and after the 
toll removal on the fixed link. The results show that the differences between forecast and real population after the opening of the 
fixed link are not related to any of the observed explanatory variables. On the other hand, the mismatches after the toll removal 
are associated with the travel time and cost reductions between the main activity centre in the affected municipality and the 
closest urban district. In addition, the differences in housing prices is also a significant variable, correlated to the number of total 
jobs per individual. This reflects the differences among the affected and the newly reachable areas in size and labour 
opportunities.  
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1. Introduction 
Population forecast models can be 1) trend, based on population forecasts from previous years 2) ratio, forecast in 
smaller areas are estimated as a proportion of larger areas 3) cohort-component, births, deaths and migration are 
separately forecasted for different age-sex groups 4) structural, there is a relation between population variations and 
exogenous variables, such as economic development (Smith & Sincich, 1992). The models can be deterministic or 
stochastic. Deterministic models are based on combinations of assumptions about mortality, fertility and migration 
(Booth, 2006). Stochastic simulation, however, can be used to include the uncertainty in the population prognosis 
and to reduce the input parameters (Alho, 2014).  
The demographic forecasts in Norway are based on a stochastic cohort component approach (Statistics Norway, 
2001). Other countries, such as the Netherlands or the US, have also implemented this method in their forecasts 
(Hyndman & Booth, 2008). This approach requires the specification of the correlations between components, and 
across age, sex and time. Additionally, it entails the statistical distribution of the parameters over time, which can be 
obtained through time series methods (ARIMA), expert judgements, or extrapolation of empirical errors. Despite the 
sophisticated methods, mismatches between forecasts and real developments occur especially at less aggregated 
levels. The population forecasts at municipality level in Norway use regional projections. These regions are 
disaggregated into counties and municipalities in two ways. Population forecasts in the age group over 50 years old 
are disaggregated by the share of people in the same age group in the municipality. Forecasts in the age group up to 
49 years old are also disaggregated according to the growth rates based on recorded patterns for the previous five 
years (Aase et al., 2014). 
The population forecasts mismatches imply that policies or plans relying on the population forecasts might 
present potential bias. That is the case of the assessments based on the estimation of future traffic volumes.  The 
estimation is obtained by transport models, which use forecast population as one of the inputs. This might be the 
reason for the inconsistencies in prognoses made by transport models when compared to actual traffic development. 
Traffic counts, for instance, often show the forecast traffic volumes are overly under/overestimated (Tørset et al., 
2013; Lian and Ronnevik, 2010). 
Some authors relate under/overestimation of population forecasts to the impacts of external factors not 
considered in the prognoses. Structural models can take into account some of these factors, however, the 
specifications might entail high uncertainty since the relation to the population is mostly based on hypothesis 
(Ahlburg and Land, 1992). The forecasting problem is, then, transferred from the demographic variables to the 
external factors (Booth, 2006).  Regardless of these shortcomings, structural models might be the solution for 
improving the population forecasts (Ahlburg and Lutz, 1998). Some models of this type have been used in the last 
decades. The World3-72 model accounted for demographic, economic, and environmental interactions (Meadows et 
al., 1972). The Bachue models (Rodgers et al., 1978; Anker and Knowles, 1983) represented the interaction of 
economic, demographic, and human resource changes. Wheeler (1984) built an econometric model of the 
interactions between population, economic, and human resource growth. The independent variables considered were 
economic output, nutricion, literacy, life expectancy, investment, fertility rate, family planning effort, and death rate. 
An and Jeon (2006) related demographic changes to economic growth. Nikulina and Khomenko (2015) related the 
migration to quality of life, structure of organisations, and to economic development in one small rural community 
in Russia.  
When it comes to the relation between population and transport, several researchers have focused on predicting 
residential and job relocations as output of land-use, socio-demographic, and transportation characteristics. LUTI 
models are widely known; a recent literature review of them can be found in Acheampong and Silva (2015). 
Another relationship is found in Meijers et al. (2012), where they explained by regression analyses the population 
and employment changes due to the replacement of two ferry services by a tunnel in the Netherlands.  
The purpose of this paper is to fill the gap in improving the population forecasts in areas affected by fixed link 
projects. These infrastructures are bridges or tunnels that permanently join areas previously separated by geographic 
barriers, e.g. fjords. Fixed links can cause huge travel time savings since they often replace infrequent and slow ferry 
services. These remove waiting time, reduce travel time and provide a flexible connection 24 hours 7 days a week. 
The improvements in transport infrastructure might be an incentive for regional development as the reachable area 
widens. In addition, the attractiveness of the newly connected areas might change. Especially in those cases where 
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regions get better access to urban areas, an increase in population might be expected. Díez Gutiérrez et al. (2015) 
found that the population at municipality level started to grow more from two years before the opening of the fixed 
link, when compared to the reference areas. On the other hand, when fixed links do not connect areas to larger cities, 
the tendency of the population to move to centralised areas might not stop, and, hence, the population is expected to 
decrease (NRK, 2013). 
Under these premises, this paper aims to answer the following research questions: 1) Do fixed links affect 
population in the connected areas? 2) What are the variables causing changes in population density in areas affected 
by fixed links? 3) Can changes in population development explain the under/overestimation of traffic on the fixed 
links? 
We observed ten cases along the western coast of Norway and analysed the differences between forecasts and 
real populations in the affected areas. We focused on explaining the mismatches after the opening of the 
infrastructures and after the toll removals. We considered different explanation variables, such as travel time and 
cost to the main activity centres, population and densities of the connected areas, differences in housing prices, and 
in number of jobs. We tested several regression models. We could have considered stochastic or more sophisticated 
models, however, there is no evidence that complex forecast models improve the population projections versus 
simple models (Smith and Sincich, 1992). 
2. Case studies 
The fjords and many islands along the western coast characterise Norway. For many years, these islands were 
connected to the mainland only by the use of ferry services. In this paper, we looked at ten cases of fixed links that 
opened in the period from 1992 to 2009, shown in Error! Reference source not found.. Seven of the ten cases 
observed are now free of charge. 
 
 
Fig. 1. Location of case studies (opening year / toll removal year). 
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Observing the cases in more detail, these can be classified into three different types. The first type is fixed links 
that join municipalities with, mainly, rural activities to considerably larger urban districts with more than 100,000 
inhabitants within commuting time up to 45 minutes. The examples are Rennfast and Finnfast, which provides 
connection to Stavanger, the fourth largest city in Norway. Askøybrua, Nordhordlandsbrua and Osterøybrua do so to 
the second largest city, Bergen. The second type is fixed links that join smaller settlements to larger urban districts 
of up to 20,000 inhabitants, as in the cases of Eiksundsambandet, Trekantsambandet and Atlanterhavstunnelen. The 
third type is fixed links that do not connect settlements, but rather serve as improved connection at the national 
level. Hitratunnelen and Frøyatunnelen are the examples. They connect two islands to the mainland, with the closest 
urban district more than one hour’s drive away. The reason behind its construction was the important international 
fishing industry on the islands. Fish is a perishable good, which makes the reliability and good connections to 
relevant hubs important.  
Fixed links in Norway are normally co-funded by the state and the users. The toll collection is set for a period of 
approximately 15 years. The authorities use transport analysis as part of the financial analysis to calculate the toll 
fee, mainly based on the expected traffic volumes, and hence on population forecasts. Inaccuracies in the traffic 
forecasts generate higher or lower income to the tolling company than expected. In the case of Finnøy, the toll fee 
was reduced by 25 % two years after the opening due to the underestimation in the traffic forecast. Other examples 
are Hitratunnelen and Frøyatunnelen, financed through the same tolling project, where the tolling stopped few years 
earlier than planned.  
The changes in accessibility triggered impacts on the land-use characteristics for the affected municipalities. The 
influential area of these fixed links is very easy to delimit, as these are, mainly, islands. Díez Gutiérrez et al. (2015) 
and Andersen et al. (2015) observed the land-use impacts in two and four of these cases, respectively, finding that 
the population in the areas affected by the fixed links close to large urban districts grew more than in similar areas 
without the new infrastructure connection. Those differences increased noticeably and were present in all the cases 
after the toll removal.  
The population forecasts were compared to the real population five years after the opening. In order to avoid the 
influence of the construction of the infrastructure in the forecasts, these forecasts corresponded to approximately 
five years before the opening of the fixed links. The comparison showed mismatches in the population, however, 
these did not seem to have a clear pattern as in some random cases the forecasts overestimated the population, whilst 
in others it was the other way round, as shown in Fig. 2. In the case of the differences in population five years after 
the toll removal, the forecasts observed were made around five years before the toll removal. The reason was to 
avoid the influence of this event, but accounting already for the influence of the infrastructure. The mismatches after 
the toll removal in all cases seemed to correspond to an underestimation of the population growth, represented in red 
in Fig. 2.  
 
 
Fig. 2. Mismatches between forecast and real population (%), five years after the opening of the fixed link and five years after its toll removal. 
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The precision of the forecasts might have been affected by several factors. In order to disregard the fact that the 
fixed links were not the cause of the mismatches, we observed also the differences in areas with similar 
characteristics that did not get a fixed link connection. These areas presented positives and negatives differences up 
to |9|% for the period after the openings. Conversely, in all the control areas after the toll removal the differences 
between forecast and real were lower than 5%.  
3. Methodology 
Our methodology consisted of determining a multiple linear regression, which allowed us to identify potential 
variables that might have affected the population growth. The general equation for the regression model was (1). 
෠ܻ ൌ ܾ଴ ൅ ܾଵ ଵܺ ൅ ܾଶܺଶ ൅ ڮ൅ ܾ௣ܺ௣           (1) 
In (1) b0 represented the intercept and bi the regression parameters for the variables Xi. All the variables observed 
are explained in 3.1. In general, there is no clear answer on the number of independent variables, or which ones are 
best to include (Howell, 2010). However, the number of parameters in the regression should be lower than the 
sample size in order to obtain a model estimation. This was a limitation given our low sample size. In order to try to 
overcome it, different combinations were tested to observe the significance of the parameters, the correlations, and 
the overall performance of the model.  
Two different dependent variables in four time periods were tested. The first dependent variable was the 
difference in forecast population before the opening of the fixed link and the real population. The second dependent 
variable was the difference in population between the ages of 20 and 49, in order to observe potential differences for 
part of the working age group. We analysed only up to 49 years old, as it was expected that this group more likely 
changed the permanent residence. Henceforth, this is referred to as working age population. The four time periods 
observed were two and five years after both the opening of the infrastructure and the toll removal, when possible. 
The decision was based on trying to capture the short- and medium-term effects, as in previous studies by Díez 
Gutiérrez et al. (2015).  
3.1. Independent variables 
The independent variables were variables not included in traditional forecasts. Several of them, shown in Table 1, 
were tested to try to explain the differences between real and forecast population.  
Fixed links triggered direct changes in travel cost and time. These might have caused population relocation as the 
accessibility of the affected area improved. The cost values were considered in 2015 reference prices, the cost before 
the opening referred to the ferry ticket price, and the cost after to the toll fee. The difference in percentage cost was 
also considered as a potential variable in the model. Regarding the travel time values, the time was measured as the 
driving time from the main activity centre in the affected municipality to the nearest urban district in the mainland. 
The travel time in the before situation included waiting time for the ferry service, which equalled to half of the 
frequency in rush periods. Two extra variables regarding travel time were tested. On one hand, one categorical 
variable for the travel time after the opening classified in four groups, up to 15 minutes of travel time, between 15 
and 30, between 30 and 45, and more than 45 minutes. These time intervals to the urban district might have 
influenced the decision of moving to the newly connected area. On the other hand, one dummy variable that 
represented if the travel time between the main activity centre and the urban district became within commuting time. 
The possibility of keeping the job in the urban district and moving to the island in a time lower than 45 minutes 
might have been a potential reason for relocating.  
Real population, size, and density of the affected municipalities and urban districts were considered as potential 
determinants in the relocation decision. These variables were considered to capture the welfare and lifestyle of the 
area. These values were based on annual registrations. In the particular case of urban districts before 2000, the data 
were based on interpolation, as census was only registered every ten years.   
The higher housing prices in the mainland might have generated a relocation to the affected municipalities within 
commuting time where the housing prices were lower. We used the difference in housing prices between these areas 
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as another variable in the model. The estimation of the housing prices was based on the sales of residential dwellings 
in the corresponding areas. In order to avoid fluctuations, we used the smoothing method based on the medium 
average of three values.  
The number of jobs it might have also been an important consideration for relocations, as they were considered as 
indicators of the labour market and the offered services. Regarding the variables involving number of jobs, we 
analysed all types of jobs, and those in the retail industry at municipality level. We estimated the relative values 
dividing the number of jobs by the population in each particular area. This better reflected the rate of jobs per 
individual from a zonal perspective.  
          Table 1. Independent variables considered for the regression model (9 NOK = 1 €). 
Independent Variable description Code Units Type 
Travel cost before the opening Cost_b NOK Numeric, continuous 
Travel cost after the opening Cost_a NOK Numeric, continuous 
Difference in travel cost before and after Cost_diff % Numeric, continuous 
Travel time before the opening TT_b min Numeric, continuous 
Travel time after the opening TT_a min Numeric, continuous 
Difference in travel time before and after TT_diff % Numeric, continuous 
Travel time after the opening in ranges TT_a_categoric min 
Categorical, ordinal 
1:   0 - 15 
2: 15 - 30 
3: 30 - 45 
4: >45 
If the settlement in the affected municipality gets within commuting 
time (<45)  with the closest urban district in the mainland  TT_commuting 0-1 Dummy  
Size of the affected municipality  
AM_size* 
AM_size** 
km2 Numeric, continuous  
Real population in the affected municipality  
AM_population* 
AM_population** 
ppl Numeric, continuous 
Population density in the affected municipality  
AM_density* 
AM_density** 
ppl/km2 Numeric, continuous 
Size of the nearest urban district in the mainland  
UD_size* 
UD_size** 
km2 Numeric, continuous 
Real population of the nearest urban district in the mainland  
UD_population* 
UD_population** 
ppl Numeric, continuous 
Population density in the nearest urban district in the mainland  
UD_density* 
UD_density** 
ppl/km2 Numeric, continuous 
Differences in housing prices between the affected municipality and 
the closest municipality/ies in the mainland 
Hous_diff* 
Hous_diff** 
kr Numeric, continuous 
Differences in total number of jobs between the affected municipality 
and the closest municipality/ies in the mainland 
Jobs_diff* 
Jobs_diff** 
jobs Numeric, continuous 
Relative differences in total number of jobs between the affected 
municipality and the closest municipality/ies in the mainland 
Jobs_rel_diff* 
Jobs_rel_diff** 
jobs/ppl Numeric, continuous 
Differences in number of jobs in the retail industry between the 
affected municipality and the closest municipality/ies in the mainland 
Retail_diff* 
Retail_diff** 
jobs Numeric, continuous 
Relative differences in number of jobs in the retail industry between 
the affected municipality and the closest municipality/ies in the 
mainland 
Retail_rel_diff* 
Retail_rel_diff** 
jobs/ppl Numeric, continuous 
* five years before the opening of the fixed link / ** the opening year of the fixed link 
 
It is worth mentioning that out of all the independent variables, those that were in continuous development over 
time, i.e. the population, the housing price and the number of jobs, were observed at two different years. Their 
values from five years before the opening were used to model the dependent variables after the opening of the new 
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infrastructure, assuming that the construction works of the fixed link did not affect them. Whereas, the values on the 
opening year were used as input to the dependent variables after the toll removal. 
4. Results  
In the regression models tested for the periods after the opening of the fixed links, the sample consisted of the ten 
cases. We tested the significance of the independent variables in several models considering the whole sample and 
three samples according to the type of fixed link. In spite of that, no parameters were found significant. Therefore, 
the differences between the forecast and real population might have been the consequence of other factors not 
related to the infrastructure, such as local policies. 
Unlike the periods after the opening, the sample was six for the period two years after the toll removal, and five 
for five years after. Thus, the dependent variables were not studied separately for the different fixed links. Several 
regression models for estimating the difference between forecast and real population were estimated.          Table 2 
shows the most relevant models.  
         Table 2. Regression models for the two dependent variables after two and five years from the toll removal of the fixed links. 
  A (n=6) B (n=5) C (n=6) D (n=5) 
MODEL 1 b (sig.) b (sig.) b (sig.) b (sig.) 
(Constant) 560,522 (-0,335) -76,818 (-0,734) 1222,881 (0,436) 349,354 (0,114) 
TT_a -22,611 (-0,052) -1,893 (-0,510) -39,122 (0,150) -10,479 (0,036) 
Cost_b 19,241 (-0,100) 5,142 (-0,220) 30,614 (0,276) 10,573 (0,054) 
Hous_diff 0,529 (-0,069) 0,095 (0,281) 0,905 (0,211) 0,283 (0,044) 
R2  0,910 0,654 0,961 0,997 
MODEL 2 b (sig.) b (sig.) b (sig.) b (sig.) 
(Constant) 2036,433 (0,051) 130,587 (0,689) 4025,990 (0,071) 1355,054 (0,126) 
TT_a_categoric -540,513 (0,059) -20,067 (0,827) -862,040 (0,094) -247,525 (0,223) 
Cost_b 5,287 (0,388) 1,846 (0,584) 2,847 (0,654) 1,519 (0,685) 
Jobs_rel_diff 830,345 (0,181) -25,946 (0,925) 1232,943 (0,188) 2423,106 (0,384) 
R2  0,898 0,303 0,985 0,902 
MODEL 3 b (sig.) b (sig.) b (sig.) b (sig.) 
(Constant) 1501,607 (0,165) 43,707 (0,727) 1355,054 (0,184) 1126,902 (0,269) 
TT_a -9,760 (0,374) 2,548 (0,197) -247,525 (0,254) -5,513 (0,481) 
Hous_diff 0,258 (0,488) 0,095 (0,183) 1,519 (0,838) 0,029 (0,918) 
Retail_rel_diff -2609,419 (0,776) -3128,447 (0,129) 2423,106 (0,533) 1292,979 (0,863) 
R2  0,551 0,887 0,876 0,643 
MODEL 4 b (sig.) b (sig.) b (sig.) b (sig.) 
(Constant) -257,941 (0,275) 56,628 (0,806) 3393,292 (0,261) 2224,582 (0,172) 
TT_a 5,444 (0,098) 3,234 (0,272) -766,430 (0,285) -453,297 (0,208) 
AM_population 0,028 (0,086) -0,013 (0,335) 0,103 (0,148) 0,033 (0,191) 
UD_population 0,007 (0,017) 0,002 (0,194) -0,007 (0,486) -0,006 (0,254) 
R2  0,989 0,698 0,990 0,972 
A: Total population differences between the real and the forecast (2 years after the toll removal)      
B: Total population differences between the real and the forecast (5 years after the toll removal)    
C: Working age population differences between the real and the forecast (2 years after the toll removal)    
D: Working age population differences between the real and the forecast (5 years after the toll removal)    
 
Model 1 included the travel cost before the opening, the travel time after, and the difference in housing prices 
between the municipality in the affected area and in the mainland in the opening year. The independent variables 
aimed to reflect the extra population to be added to the forecast made some years before the opening. Since this 
might influence the estimation of the toll for the fixed link, the cost variable is referred to the initial situation with 
the ferry service. The travel cost could have been already reflected in the housing prices as a discount in the affected 
municipality, despite that, the hypothesis that their parameters were equal could be rejected with a significance level 
larger than 45%. Hence, other factors may have been related to the differences in local housing prices. The 
hypothesis that the cost parameter equalled zero could only be rejected with a confidence level greater than 80% 
when the independent variable represented the difference between forecast and real working age population five 
years after the toll removal, and total population two years after. The travel time parameter was significant with 
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a confidence level larger than 85% for all independent variables except for the total population after five years of the 
toll removal variable. The parameter for the difference in housing prices was significant with a confidence level 
larger than 90% for the total population two years after and the working age population 5 years after, and 70% for 
the other independent variables. 
Model 2 included the travel cost before the opening, the travel time after, and the relative difference in total 
number of jobs per person between the municipality in the affected area and in the mainland in the opening year. 
The hypothesis that the cost parameter equalled zero could not be rejected with a confidence level larger than 50% 
for any of the independent variables. The travel time treated as categorical variable pretended to illustrate that the 
decision of commuting, and hence the residence respect to the job location, varied little within those ranges, so it 
was not a continuous relationship. The hypothesis that the travel time parameter equalled zero could be rejected with 
a confidence level larger than 90% for the total and working age population two years after the toll removal. The 
relative difference in number of jobs reflected directly the labour market, and the services and opportunities the area 
offered to its inhabitants. Conversely, comparing the absolute number of jobs might not have revealed that in an area 
with more jobs the opportunities to get a job may have been more difficult due to competition among more people. 
In this case, there was no correlation with the cost of the toll. The hypothesis that the job parameter equalled zero 
could be rejected with a confidence level larger than 90% also for the total and working age population two years 
after the toll removal. 
Model 3 included travel time after the toll removal, the differences in housing prices, and the relative difference 
in the number of jobs in the number of retail jobs per person. These differences were between the municipality in the 
affected area and in the mainland in the opening year. Including the retail jobs instead of the total might have helped 
to explain potential differences in the structure of the settlements, whether these were based more on rural or urban 
activities. The three parameters were only significant with a confidence level higher than 80% when considering the 
total population 5 years after the toll removal as independent variable. Nevertheless, the hypothesis that the job 
parameter and the housing prices parameter were equal could not be rejected with a confidence level larger than 
80%. 
Model 4 included the travel time after the toll removal, the population in the affected municipality and in the 
closest urban district in the opening year. According to the limitations of the maximum number of dependent 
variables, any of the monetary variables were included in this model. The travel time parameter was significant with 
a confidence level larger than 70% for all the independent variables. The population parameter was observed to be 
more significant than the population density parameter of both settlements. The hypothesis that the population in the 
affected municipality parameter was equal to zero could be rejected with a confidence level larger than 80% for all 
the independent variables except for the total population after 5 years of the toll removal variable. In the case of the 
population in the closest urban district parameter, this was significant with a confidence level larger than 80% for 
the total population.  
The overall performance of the models where the independent variable was the difference in total population five 
years after the toll removal represented a low r-square value. One reason might be the low sample size or that other 
factors not included in this study affected more these differences, for example local demographic policies. The 
models for the other independent variables indicated that the parameters that affected the most were related to travel 
time after the toll removal, cost before, population in the two areas, and the differences in housing prices and in 
relative total number of jobs per person. At this respect, both model 1 and 4 have a high rsquare value, meaning that 
the models fitted the data reasonably well. 
5. Discussion  
In this study, we observed the differences between the forecast and real population in the areas affected by fixed 
links. We studied only ten cases, since this type of infrastructures is limited. Nevertheless, it could have been 
interesting to widen the type of case studies. There are other infrastructure investments that also change dramatically 
the accessibility in terms of time and cost within two areas, even if they got a permanent connection before. The 
inclusion of more cases might benefit a better understanding of the variables that affect the population mismatches. 
The methodology used only aimed to identify potential variables that might have affected the mismatches 
between the forecast and the real population after the opening of the fixed links and after its toll removal. The 
regression models used are only valid for two and five years after the toll removal, hence, these should not be used 
to predict the extra population in future fixed links. Nonetheless, further research could be focused on including the 
significant parameters into the forecasts using time dependent models. Given the actual forecast population model, 
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these parameters are only interesting to include for up to five years after the toll removal, since actual forecasts 
include the population patterns from the previous five years.  
We assumed that the differences in population were caused by the fixed links. The control areas of the studied 
cases did not present significant mismatches between forecast and real population after the toll removal. Despite that 
and given the sample size, the mismatches might have rather been related to external factors, for example policies or 
GDP development. 
1) Do fixed links affect population in the connected areas?  
The forecasts at municipality level in Norway are based on births, deaths, migrations at national level and five 
years of migrations patterns within regions. The forecasts do not include potential changes caused by infrastructures. 
The opening of the studied fixed links did not generate extra population with respect to the forecast years before. On 
the other hand, Díez Gutiérrez et al. (2015) and Andersen et al. (2015) did find there was an extra population growth 
in some fixed links some years before the opening when comparing the population development of similar areas 
without the new connection. Conversely, we found mismatches between the forecast and real population after the 
toll removal on the fixed links.  
Before the opening of the fixed links, the newly connected areas had little interaction with the mainland, as the 
low traffic volumes on the ferries indicated compared to the traffic on the fixed links. After the improvement in 
accessibility, more people have probably changed their destinations for some trips since the traffic volumes 
increased. This improved interaction might have been in both directions, i.e. people travelling to the urban area for 
shopping or private trips, and people travelling to the islands for leisure trips, for example. However, the extra 
population over the forecast did not move to the affected area until the toll removal. The improvement in travel time 
might have not been enough to change the residence location, as the commuting trips might get quite expensive with 
the toll. Therefore, the extra population might have come from residents of the urban areas that decide to move, 
keeping their jobs, as the cost of commuting was reduced.  
Another possible source of extra population with respect to the forecast might have been people who came from 
different places in order to live and work in the newly connected areas. The accessibility improvements might have 
promoted benefits to the companies due to the agglomeration effects. Part of these might have been specialisation of 
some companies and expansion of the labour markets, triggering an increase in the number of jobs. Moreover, the 
number of companies might have increased in the long term, and it may have coincided with the toll removal.  
2) What are the variables affecting changes in population density in areas affected by fixed links?  
The travel time was a significant variable in explaining the differences between the forecast and real population 
after the toll removal on the fixed links. According to the regression models, the higher travel time to the urban 
district, the lower were the mismatches. This might be explained by how proximity to the urban district may affect 
the attractiveness, and hence the nearer it is, the more attractive it is for people to move the residence to the newly 
connected area. 
The cost of the toll also represented a significant variable. Its parameters in the regression models showed that the 
higher the cost the higher the difference between the forecast and real population. Thus, a higher cost generates 
more consequences in terms of residence location. The number of people willing to pay after the toll removal is 
higher when the toll is more expensive.  
The relative difference in the number of total jobs was also an important variable that might have helped to 
explain the extra population not accounted for in the forecasts after the toll removal. The larger difference the 
greater the development or rapid growth in population in the affected municipalities compared to the forecast. This 
is in accordance to Vickerman (1998), who stated that infrastructure investments may lead to regional economic 
growth if there is a development potential in the industries affected. 
The parameters for the population in both the affected municipality and the urban district were significant as 
well. The extra population growth not accounted for in the forecasts was greater if the original populations were 
larger. The larger number of inhabitants may reflect more services and higher welfare, as consequence, the 
attractiveness of these areas might increase. Conversely, high-density areas in the urban districts might not be the 
ideal residence location for families; hence, these may prefer to move towards less populated zones within 
commuting time.  
3) Can changes in population development explain the under/overestimation of traffic on the fixed links? 
The traffic on the fixed links might be generated by different purposes. Commuting trips represent an important 
share of the traffic. When the input to the traffic volumes estimations does not consider the adequate population that 
move to the affected areas or the correct number of job positions in the different areas, the consequence might be an 
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under/overestimation of the commuting trips, and hence the traffic volumes. The potential bias in the future traffic 
volumes might play a crucial role in the decision of the toll fee.  
6. Conclusion  
The policy implications of this paper are related to the fact that population development is affected by 
infrastructures, especially by those that considerably reduce travel time and cost. The future population projections 
could include population changes according to the travel time, cost, and differences between the connected areas in 
terms of housing prices, relative number of jobs and population. The impacts on population are clearer when the toll 
of the infrastructure is removed. This is an important finding for decision makers, as they should take into account 
the great impact that the toll generates. 
Further studies might be oriented to corroborate the significance of these variables in other fixed links and other 
infrastructures that dramatically change the connections between settlements. Moreover, a detailed study on the 
population changes over time, based on age cohort, would allow a better combination of the traditional method and 
the new variables, meaning a more accurate prediction of population.  
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